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aj sin(2πfj + βj), 0 < βj < 2π。 （1）












θp = θpm sin(ωp +ψp)
θr = θrm sin(ωr +ψr)
θy = θym sin(ωy +ψy)
。 （2）
式（2）中：θp 、θr 和 θy 分别为绕俯仰轴和横滚轴的摇
摆角度；θpm 、θrm 和 θym 分别为绕俯仰轴和横滚轴的摇
摆角度幅值；ωp 、ωr 和 ωy 分别为绕俯仰轴和横滚轴
摇摆的角频率，ψp 、ψr 和 ψy 分别为绕俯仰轴和横滚
轴摇摆的初始相位。
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Fig.3 Matching algorithm of velocity+angle rate
图4“速度+姿态”匹配算法






















































































































Ẋ =AX +BW， （3）
式中，W = [ ]∇ss εs 06 × 1 η 为系统白噪声。
利用状态方程可构造卡尔曼滤波方程。仿真条
件[17]为：舰载在系泊情况下处于摇摆状态，横摇角幅值
为12.5°，周期为 12 s ，纵摇角幅值为 10°，周期为 6 s ，
偏航角幅值为 5°，周期为 8 s 。陀螺仪常值偏置为
0.2(°)/h ，加速度计零位偏置为 3 × 10-4g 。3 个安装误
差角为 ϕax = 20′，ϕay = 40′，ϕaz = 10′。舰载机机体坐
标系与舰体坐标系之间的方位角为 60°。二阶马尔可
夫过程相关时间取 τx = τy = τz = 60 s [18]，初始杆臂长度
为 [ ]10m 10m 5m T 。
“速度+角速度”组合匹配算法仿真。
观测量为：









I3 × 3 03 × 3 03 × 3 03 × 3 03 × 3
03 × 3 (Ĉ snωni,m)× (Ĉ snωni,m)× (Ĉ snωni,m)× I3 × 3 ；
v = [ ]vvx vvy vvz vωx vωy vωz T 。
卡尔曼滤波器的初值选择如下：
X̂(0)=[0 0 0 0 0 0 0 0 0 0 0 0 0 0 0]T 。
初始方差阵 P0 为对角阵，其中：
P011 =P022 =P033 = (0.1m/s)2 ；
P044 =P055 =P066 = (π/180)2 ；
P077 =P088 =P099 = (π/180)2 ；
P01010 =P01111 =P01212 = (π/180)2 ；
P01313 =P01414 =P01515 = (10π/180/3600)2 。
系统噪声方差阵Q为对角阵，其中：
Q11 =Q22 =Q33 = (1 × 10-4g)2 ；Q77 =Q88 =Q99 = 0；
Q44 =Q55 =Q66 = (0.1π/180/3600)2 ；Q1010 =Q1111 =Q1212 = 0；
Q1313 =Q1414 =Q1515 = 4(2.146/60)3 × ((10/60)×π/180)2 。
量测噪声方差阵 R 为对角阵，其中：
R11 =R22 =R33 = (0.1m/s)2 ；







































Fig.6 Estimated error curve of fixed misalign and flexure angle with lever-arm compensated
表1 2种仿真情况下固定失准角和
挠曲变形角的估计误差
Tab.1 Estimated error value of fixed misalign angle
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Design and Realization
of Shipborard Inertial Transfer Alignment Simulation System
GAO Jiguang1, GAO Qingwei2, WU Fang2
（1. Amoy University, Xiamen Fujian 361005, China;
2. Naval Aviation University, Yantai Shandong 264001, China）
Abstract: In this paper, the computer simulation system was established for transfer alignment of shipboard INS, which
could produce the output of inertial sensor for master and slave INS using trajectory generator. The output was send to com⁃
puting module of INS to produce the different output of INS for different matching module which could test the filter algo⁃
rithm. The computer simulation system can be used to test the error model of INS and filter algorithm which can increase
the precision of error model and reliability, at the same time which can also supply the theoretical basis and support for lat⁃
er hardware-in-loop simulation and experimental verification of the actual equipment.
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